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suggests that sPrP5° may instead be associated with overex-
pression or misfolding of 101L-PrP and not TSE. The species

_of abnormat PrP produced due to overexpression of 101L-

PrP is therefore different from that produced by TSE infec-

tion. The natiire of the infectious agent in the current study

has yet to be established. We now aim to use this unique
model to determine whether infectivity in these tissues is
consistent with other abnormal conformations. of PrP or
with factors other than PrP. o )
The models of disease described herein demonstrate the
potential for the existence of high Ievels of TSE infectivity
with undetectable PrP-res in natural disease. Indeed,
increased surveillance and sensitivity of testing methods has

"identified a new TSE of sheep, termed atypical scrapie. These

animals were identified as TSE infected by one PrP5<-specific
diagnostic ELISA, but could not be confirmed by other
methods (40, 41). Such cases are now only identifiable using
assays that require low concentrations of PK, or no PK, in the
assay procedure. It is unknown whether this is truly a new
TSE of sheep, or whether it has been present in sheep for

some time {42) but was not detected due to the reduced PK .

resistance of PrP5<. However, the disease has been shown to
be highly transmissible to transgeni¢ mice expressing ovine

infectivity. The results of our study raise concern over the

" suitability of PrP° as a sole diagnostic marker of TSE dis-

ease. It is vital that markers of TSE infectivity other than

" PEP*¢ are identified and validated in models such as those we
_ “have described and characterized here. We anticipate that
_such research will lead to the development of more robust

diagnostic assays for TSE disease, which will have impartant
implications for both animal and human health.
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Bevine spongiform encephalopathy (BSE), the prion disease in cattle, was widely belicved to be caused by
only one strain, BSE-C. BSE-C causes the fatal prion disease named new variant Creutzfeldt-Jacob discase in
humans. Two atypical BSE strains, bovine amyloidotic spongiform encephalopathy (BASE, also named BSE-L)
and BSE-H, have been discovered in several countries since 2004; their trapsmissibility and phenotypes in
humans are vnknown. We investigated the infectivity and human phenotype of BASE strains by inoculating
transgenic (Tg) mice expressing the human prion protein with brain homogenates from twe BASE strain-
infected cattle. Sixty percent of the inoculated Tg mice became infected after 20 to 22 months of incubation, a
transmission rate higher than those reported for BSE-C. A quarter of BASE strain-infected Tg mice, but none
of the Tg mice infected with prions causing a sporadic human prion disease, showed the presence of pathogenic
prion protein isoforms in the spleen, indicating that the BASE prien is intrinsically lymphotropic. The
pathological prion protein isoforms in BASE strain-infected humanized Tg mouse brains are different from
those from the original cattle BASE or sporadic human prion disease. Minimal brain spongiosis and fong

incubation times are observed for the BASE strain-infected Tg mice. These results suggest that in homans, the
BASE strain is a more virnlent BSE strain and likely lymphotropic.

Overwhelming evidence indicales that bovine spongiform
encephalopathy (BSE), a prion disease that has been detected
in several hundred thousand cattle in the United Kingdom and
many other countries since the 1980s, has been transmitted to
hutnans through the consumption of prion-contaminated beef,
causing a prion discase named variant Creutefeldt-Jakob dis-
ease (vCID) (5, 19, 24). Over 200 cases of vCJD have been
reported around the world (19). In 2004, two types of bovine
prion disease that differ from the original BSE, now named
classical BSE (BSE-C), were reported (3, 8). The two atypical
BSE types were associated with prion protein (PrP) scrapie
isoforms (PrP) that after protease digestion, displayed dis-
tinct elecirophoretic mobility or ratios of the PrP®® glycoforms
different from those of BSE-C (3, 8). Currently, a total of at
least 36 cases of these two atypical BSE types have been re-
ported for cattle older than 8 years (5; M. Caramelli, unpub-
lished data). The two atypical BSE types are identified as
BSE-H and bovine amyloidotic spongiform encephalopathy
(BASE, also named BSE-L); the “L” and “H" identify the
higher and lower electrophoretic positions, respectively, of
their protease-resistant PrPS° isoforms (7). The bovine pheno-

* Correspending author. Mailing address: Deparunent of Pathology,
Case Western Reserve University, Cleveland, OH 44106. Phone for
Pierluigi Gambetti: (216) 368-0586. Fax: (216) 368-2546. E-mail: pxgl3
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T Present address: Department of Patient Education and Health
Information, Cleveland Clinic Foundation, Cleveland, OH 44195.

¥ Published alead of priat on 30 January 2008, .

type and the PrP5 molecular features of BASE have previ-
ously been described in detail (8). The histopathology of BASE
and the PrP immunostaining pattern of BASE strains are char-
acterized by the presence of prion amyloid plaques and a more
rostral distribution of the PrP5¢, which at variance with BSE-C
is present in the cerebral cortex, including the hippocampus,
but is underrepresented in the brain stem (8). These pheno-
typic features and PrP*® characteristics resemble a subtype of
sporadic Creutzfeldt-Jakob disease (sCJD) named sCIDMV2Z,
which affects subjects who are methionine (M)/valine {V) het-
erozygous at codon 129 of the PrP gene, and it is associated
with PrPS° identified as type 2 (15). This similarity has raised
the question of whether sCIDMV2 is not sporadic but ac-
quired from the consumption of BASE strain-contaminated
meat (5, 8). To begin 1o investigate the transmissibility to
humans and the “human” disease phenotype of BASE, includ-
ing the involvement of the lymphoreticular system, we have
inoculated brain homogenates from BASE-affected cattle to
transgenic (Tg) mice expressing normal human PrP with Met
at codon 129 (HuPrP-129M) in a mouse PrP-ablated back-
ground [Tg(HuPrP)] (13). The incculated Tg mice were exam-
ined for attack rates and the disease phenotype, including the
presence and characteristics of protease-resistant PrP% in the
brain and spleen and the histopathology, along with the PrPS
topography and pattern of deposition in the brain.

MATERIALS AND METHODS

Transgenic¢ mice. Transgeaic mice expressing human PrP-129M [Tg(HuPrP))
were reported previously (13). The Tgd0 line that expresses human PrP-129M at
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the wild-type level in the mouse PrP-abfated background was used in this study.
Intracerebral (i.c.) inoculation of Tg mice and the monitoring of symptoms were
performed ag described previously (13). The mice were sacrificed 2 or 3 days
after the appearance of sympioms or at death, and the brains and splcens were
taken. The brains were sliced sagittally, with half frozen for immunochemical
stodies and the other half cither fixed in formalin for histological and imrung-
histochemical staining or frozen For histoblot analysis (sce below), Total PrP as
well as proteinase K (PK)-resistant PrP> was determined by immunoblotting in
sodium dodecyi sulfate (SDS)-polyacrylamide gels as described below. This study
was conducted with approvals from the Institutional Review Board and the
Institutional Animal Care and Use Committee.

immunohletting, histology, histoblotting, and immunohistochemistry, Frozen
brain or spleen tisswes were homogenized in 2 volumes of cold phosphate-
buffered saline to obtain 33% (wt/vol) crude homogenate for storage in aliquots
at —80°C. The frozen 33% crude homogenate was thawed at 4°C for 2 h and
diluted to 10% (wi/vol) with the lysis buffer (final concentration, 100 mM Tris, 10
mM EDTA, 100 mM NaCl, 0.5% sodium deoxycholate, 1.0% NP-40, pH 8.0).
After incubation at room temperature for 15 min, the 10% homogenate was
subjected to sonication with the Ultrasonic Dismembrator 100 (Fisher Scicntific)
for 3 min. The sonicated 10% homogenate was treated with 100 pg/ml PK
{Roche Diagnostics GmbH, Mannheim, Germany) for 30 min at 37°C and
denatured by being boiled at 100°C for 10 min after being mixed with an equal
volume of 2X sample buffer (200 mM Tris-HCI, pH 6.8, 2% SDS, 40% glycerol,

* 0.049 Caonassie blue G-250, 2% f-mercaptoethagol). The earichment of PrP>

by precipitation with sodium phosphotungstate (NaPTA) was performed virta-
alty as previously reported (18), and special care and efforts were taken to ensure
that the pellets were completely resuspended each time. Proteins were separated
by precast 10 to 20% gradient Tris-Tricine gel (Bio-Rad), transferred to a
polyvinylidene difluoride membrane, and subjected to Western blot analysis with
monoclonal ntibody (MAD) 8H4, 6H4, or 3F4 in conjunction with horseradish
peroxidase-conjugated sheep anti-mouse immunoglobulin G Fe antibody (GE
Healthcare, Buckinghamshire, United Kingdom) as described previously (13).
The blots were developed with the ECL Western blotting detection reagent (GE
Healthcare Amersham, Buckinghamshire, United Kingdom) and exposed to
Xeray films, The blots were digitized by scanning the film. To determine the
precise molecular weights of the bands, the digitized blots were analyzed by

image acquisition and analysis software (UVP, Upland, CA) that antomatically -

detects the midpoint of the band and calculates the molecular weight based on
the sizes of the unglycosylated PK-resistant PrP fragments of sCIDMMI and
sCIDMMZ; the values were statistically analyzed by Matlab 7.0 software (Math-
Works, Natick, MA). To determine the glycoform ratios of PK-resistant PrP5®
fragments, each PrP band on the digitized blots was quantified with UN-
SCAN-IT software (Silk Scientific, Orem, UT); the values from duplicate blots
were analyzed with Excel software to calculate the averages and standard devi-
avions and to create the column chart.

Histological staining with hematoxylin and eosin (H&E) and immunohisto-
chemical staining with 3F4 were performed as reported previously (13). Histo-
blot analysis was perforied mostly as described previously {20}, with the follow-
ing modifications: the cryosections were 12 pm thick, and the sections were
treated with 100 pg/mi of proteinase K for 4 h at 37°C, incubated with mono-
clonal antibody 3F4 (1:10,000 dilution) overnighit at 4°C, followed by incubation
with alkaline phosphatase-conjugated goat anti-mouse secondary antibady (1:
500; BPAKQO), and developed with BCIP (5-bromo-4-chloro-3-indolylphosphate)-
nitroblue tetrazolium solutiens (Sigma).

RESULTS

To assess the transmissibility of BASE in humans, two
BASE isolates (8) were used to intracerebrally inoculate 30
Tg40 mice that express normal levels of human PrP-129M.
More than half of the inoculated mice (18/30) became infected,
as determined by the presence of protease-resistant PrP, with
average incubation times of 649 * 34 days for BASE isolate 1
and 595 + 28 days for BASE isolate 2, respectively (Table 1).
Ten of the 18 infected mice that could be examined showed
clear clinical signs of disease (Table 1), including hunched
backs, ruffled fur, lethargy, occasional wobbling, and rigid tails,
These signs were best detected in the younger mice, because in
mice alder than 24 months, the signs became difficuit to dis-
tinguish from aging-related changes. )
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TABLE 1. BASE wransmission in Tg(FuPrP) mice

Attack rate as determined by:
Incubation time

Inoculum

Clinical ~ Presence of Spongiform d
signs Prpse degeneration ({9
BASE-1 13 9715 1 (focal)/8 649 = 34
BASE-2 6/15 9715 1 (focal)/11 595 =28
sCIDMM1 10/10 9/10 444 263 >+ 137
sCIDMM2 919 98 g 267 =17

* Reported previously (13).

All the Tg40 mice were examined for the presence of PK-
resistant PrP% in the brain by immunoblot analysis both di-
recily and after enrichment with NaPTA precipitation. Such
immunoblot analysis with three monoclonal antibodies (3F4,
6H4, and 8H4) to various PrP repions (12, 14, 25) showed that
all 18 BASE strain-infected Tgd0 mice accumulated compara-
ble amounts of PK-resistant PrP% in the brain (Fig. 1A, Table
1, and data not shown). The electrophoretic mobility of PK-
resistant PrPS° fragments from all the BASE strain-infected
Tg40 mice was indistinguishable from that of the PK-resistant
PrPS¢ present in either the BASE strain inaculum or
sCIDMM?2, which contains type 2 PrP> (Fig. 1A). The PX-
resistant PrP®° fragments associated with both the BASE
strain-infected Tg40 mice and the BASE isolates migrated
slightly faster than those of BSE-C as originally reported (8).
Measurements with software that automatically calculates the
midpoeint of the bands revealed a difference 0£0.29 X 0.12kDa
in gel mobility between the unglycosylated PK-resistant PrPs°
bands of the BASE strain (native as well as from the Tgd0
mice) and BSE-C.

The glycoform ratio of PrP* in isolates from the BASE strain-
infected Tg40 mice was slightly different from that of the BASE
isolates (Fig. 1B), and both were quite different from that of
BSE-C (Fig. 1B). The monoglycosylated form was the most prom-
inent species in the BASE strain inocula, where the glycoform
ratio (diglycosylated-to-monoglycosylated-to-unglycosylated) is
32:41:27, whereas the diglycosylated form was slightly more in-
tense than the monoglycosylated form in BASE strain-infected
Ted0 mice, where the glycoform ratio is 44:39:17 (Fig. 1B). In
contrast, the diglycosylated form accounted for over 70% of the
total PrP* in BSE-C (glycoform ratic of 72:20:8).

PrP*° in the spleen was also examined after NaPTA enrich-
ment for all 30 BASE strain-inoculated Tg40 mice. PK-resis-
tant PrP%° was readily detected in the spleens of four mice (Fig.
1C), all of which also contained PK-resistant PrP>® in the brain.
The electrophoretic mobility of the spleen PrP> was similar to
that of the brain PrP*. The glycoform ratio of the spleen PrP*
was different from that of the brain and was characterized by the
prominence of the monoglycosylated and unglycosylated forms
(Fig. 1C), but the glycoform ratio may have been affected by the
NaPTA enrichment. In contrast, none of the mine Tgd0 mice

inoculated with sCYDMMT1 had detectable PK-resistant PrP>® in.

the spleen after NaPTA enrichment (data not shown).

None of the 12 BASE strain-infected Tg40 mice examined
showed prominent and consistent histopathological changes
related to prion discases (Fig. 2A). Focal, ambiguous spongi-
form degeneration was observed for two mice. No PrP amyloid
plaques were observed in BASE strain-infected Tgd0 mice.
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